
Exercise walk-through

3.18
Undecidable Problems

AP Computer Science Principles



Algorithms & Programming
Randomness & limits

Randomness, simulation & undecidability

Random values add variability ; a simulation models a real
phenomenon cheaply, but has limitations .

Decidable
an algorithm always

answers (is n prime?)

Undecidable
no algorithm for ev-

ery case (will it halt?)

Undecidable means impossible, not merely inefficient (slow).



Algorithms & Programming
Randomness & limits

Undecidable problems

undecidable
no algorithm can solve every case of the problem with a cor-
rect yes/no answer

the point this is a fundamental limit of computation, not a limit of
today’s computers

the classic case deciding whether an arbitrary program will halt

what is still possible an algorithm may solve some instances, or give an answer
that is usually right

the neighbouring idea an unreasonable-time algorithm is solvable but grows too
fast to run at scale

the distinction undecidable means no algorithm exists; unreasonable means
one exists and is too slow

Undecidable and intractable are different claims. The exam offers them as distractors for each
other.



Algorithms & Programming
Recap

Check yourself

1
Binary search on 1,000 items: about how
many steps?

2
What must be true of the list before bi-
nary search works?

3
Name the three building blocks of any
algorithm.

4 What makes a problem undecidable?

number of elements, n

ru
nn

in
g 

tim
e

bubble sort
O(n2)

insertion sort
O(n2)

quick sort
O(nlog n)

for large n: O(nlog n) (quick/merge) beats O(n2)
(bubble/insertion)

Answers 1. about 10 (log2 1000) 2. it must be sorted 3. sequencing, selection,
iteration 4. no algorithm can solve it for every input
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3.18 Undecidable Problems

Name: Class: Date: Total: 8 marks

KEY WORDS decidable可判定 • undecidable不可判定 • inefficient低效 • algorithm算法
• efficiency效率

Objective
Build the skills to answer exam questions on undecidable problems.

You must be able to:

• explain how a decidable可判定 problem has an algorithm that always gives a correct
yes-or-no answer

• explain how an undecidable 不可判定 problem has no algorithm that solves every
case

• describe the difference between undecidable and merely inefficient 低效
• recognize undecidability as a limit on computation

1 Key knowledge and worked examples
Study these first. Each one shows the method for a question type used later.

Decidable vs undecidable
• A decidable problem has an algorithm that always gives a correct yes-or-no

answer.
• An undecidable problem has no algorithm that solves every case correctly.

Undecidable is not just slow
Undecidability is stronger than inefficiency: an inefficient problem can still be solved
(given enough time), but an undecidable one cannot be solved for all cases at all.

A limit on computation
Undecidability shows there are things computers simply cannot do.

2 Practice
2.1 Define a decidable problem. [1]
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2.2 Define an undecidable problem. [1]

2.3 State the difference between an undecidable problem and a merely inefficient one. [1]

3 Exam-style questions
3.1 A decidable problem has an algorithm that [1]

A always gives a correct yes-or-no answer
B never finishes
C gives a random answer
D is simply slow

3.2 An undecidable problem [1]

A can always be solved slowly
B has no algorithm that solves every case correctly
C is a syntax error
D is a data type

3.3 A problem has no algorithm that can correctly answer it in all cases.

(a) Name this kind of problem. [1]

(b) State whether this is the same as being slow. [1]

(c) State what it shows about computation. [1]
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3.18 Undecidable Problems

Name: Class: Date: Total: 8 marks

KEY WORDS decidable可判定 • undecidable不可判定 • inefficient低效 • algorithm算法
• efficiency效率

Objective
Build the skills to answer exam questions on undecidable problems.

You must be able to:

• explain how a decidable可判定 problem has an algorithm that always gives a correct
yes-or-no answer

• explain how an undecidable 不可判定 problem has no algorithm that solves every
case

• describe the difference between undecidable and merely inefficient 低效
• recognize undecidability as a limit on computation

1 Key knowledge and worked examples
Study these first. Each one shows the method for a question type used later.

Decidable vs undecidable
• A decidable problem has an algorithm that always gives a correct yes-or-no

answer.
• An undecidable problem has no algorithm that solves every case correctly.

Undecidable is not just slow
Undecidability is stronger than inefficiency: an inefficient problem can still be solved
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Solutions
Each answer shows the steps, then the result.

2.1

• a problem with an algorithm that always gives a correct yes-or-no answer

2.2

• a problem for which no algorithm can solve every case correctly

2.3

• an inefficient problem can still be solved (just slowly); an undecidable one cannot be
solved for all cases at all

3.1 A

• always gives a correct yes-or-no answer.

3.2 B

• has no algorithm that solves every case correctly.

3.3

(a)

• an undecidable problem

(b)

• no

(c)

• that there are limits to what computers can do
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2.2 Define an undecidable problem. [1]

2.3 State the difference between an undecidable problem and a merely inefficient one. [1]

3 Exam-style questions
3.1 A decidable problem has an algorithm that [1]

A always gives a correct yes-or-no answer
B never finishes
C gives a random answer
D is simply slow

3.2 An undecidable problem [1]

A can always be solved slowly
B has no algorithm that solves every case correctly
C is a syntax error
D is a data type

3.3 A problem has no algorithm that can correctly answer it in all cases.

(a) Name this kind of problem. [1]

(b) State whether this is the same as being slow. [1]

(c) State what it shows about computation. [1]
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Exercises 3.1·3.2

2.2 Define an undecidable problem. [1]

2.3 State the difference between an undecidable problem and a merely inefficient one. [1]

3 Exam-style questions
3.1 A decidable problem has an algorithm that [1]

A always gives a correct yes-or-no answer
B never finishes
C gives a random answer
D is simply slow

3.2 An undecidable problem [1]

A can always be solved slowly
B has no algorithm that solves every case correctly
C is a syntax error
D is a data type

3.3 A problem has no algorithm that can correctly answer it in all cases.

(a) Name this kind of problem. [1]

(b) State whether this is the same as being slow. [1]

(c) State what it shows about computation. [1]
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Exercises 3.1·3.2

2.2 Define an undecidable problem. [1]
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Solutions
Each answer shows the steps, then the result.

2.1

• a problem with an algorithm that always gives a correct yes-or-no answer

2.2

• a problem for which no algorithm can solve every case correctly

2.3

• an inefficient problem can still be solved (just slowly); an undecidable one cannot be
solved for all cases at all

3.1 A

• always gives a correct yes-or-no answer.

3.2 B

• has no algorithm that solves every case correctly.

3.3
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• an undecidable problem

(b)

• no

(c)

• that there are limits to what computers can do
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AP Computer Science Principles

Exercise 3.3 (a)

2.2 Define an undecidable problem. [1]

2.3 State the difference between an undecidable problem and a merely inefficient one. [1]

3 Exam-style questions
3.1 A decidable problem has an algorithm that [1]

A always gives a correct yes-or-no answer
B never finishes
C gives a random answer
D is simply slow

3.2 An undecidable problem [1]

A can always be solved slowly
B has no algorithm that solves every case correctly
C is a syntax error
D is a data type

3.3 A problem has no algorithm that can correctly answer it in all cases.

(a) Name this kind of problem. [1]

(b) State whether this is the same as being slow. [1]

(c) State what it shows about computation. [1]
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Exercise 3.3 (a)

2.2 Define an undecidable problem. [1]

2.3 State the difference between an undecidable problem and a merely inefficient one. [1]

3 Exam-style questions
3.1 A decidable problem has an algorithm that [1]

A always gives a correct yes-or-no answer
B never finishes
C gives a random answer
D is simply slow

3.2 An undecidable problem [1]

A can always be solved slowly
B has no algorithm that solves every case correctly
C is a syntax error
D is a data type

3.3 A problem has no algorithm that can correctly answer it in all cases.

(a) Name this kind of problem. [1]

(b) State whether this is the same as being slow. [1]

(c) State what it shows about computation. [1]
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2.2 Define an undecidable problem. [1]

2.3 State the difference between an undecidable problem and a merely inefficient one. [1]

3 Exam-style questions
3.1 A decidable problem has an algorithm that [1]

A always gives a correct yes-or-no answer
B never finishes
C gives a random answer
D is simply slow
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A can always be solved slowly
B has no algorithm that solves every case correctly
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Solutions
Each answer shows the steps, then the result.

2.1

• a problem with an algorithm that always gives a correct yes-or-no answer

2.2

• a problem for which no algorithm can solve every case correctly

2.3

• an inefficient problem can still be solved (just slowly); an undecidable one cannot be
solved for all cases at all

3.1 A

• always gives a correct yes-or-no answer.

3.2 B

• has no algorithm that solves every case correctly.

3.3

(a)

• an undecidable problem

(b)

• no

(c)

• that there are limits to what computers can do
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AP Computer Science Principles

Exercise 3.3 (b)

2.2 Define an undecidable problem. [1]

2.3 State the difference between an undecidable problem and a merely inefficient one. [1]

3 Exam-style questions
3.1 A decidable problem has an algorithm that [1]

A always gives a correct yes-or-no answer
B never finishes
C gives a random answer
D is simply slow

3.2 An undecidable problem [1]

A can always be solved slowly
B has no algorithm that solves every case correctly
C is a syntax error
D is a data type

3.3 A problem has no algorithm that can correctly answer it in all cases.

(a) Name this kind of problem. [1]

(b) State whether this is the same as being slow. [1]

(c) State what it shows about computation. [1]
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D is simply slow
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B has no algorithm that solves every case correctly
C is a syntax error
D is a data type
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Exercise 3.3 (b)

2.2 Define an undecidable problem. [1]

2.3 State the difference between an undecidable problem and a merely inefficient one. [1]

3 Exam-style questions
3.1 A decidable problem has an algorithm that [1]

A always gives a correct yes-or-no answer
B never finishes
C gives a random answer
D is simply slow

3.2 An undecidable problem [1]

A can always be solved slowly
B has no algorithm that solves every case correctly
C is a syntax error
D is a data type

3.3 A problem has no algorithm that can correctly answer it in all cases.

(a) Name this kind of problem. [1]

(b) State whether this is the same as being slow. [1]

(c) State what it shows about computation. [1]
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2.2 Define an undecidable problem. [1]
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3.1 A decidable problem has an algorithm that [1]
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Solutions
Each answer shows the steps, then the result.

2.1

• a problem with an algorithm that always gives a correct yes-or-no answer

2.2

• a problem for which no algorithm can solve every case correctly

2.3

• an inefficient problem can still be solved (just slowly); an undecidable one cannot be
solved for all cases at all

3.1 A

• always gives a correct yes-or-no answer.

3.2 B

• has no algorithm that solves every case correctly.

3.3

(a)

• an undecidable problem

(b)

• no

(c)

• that there are limits to what computers can do
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AP Computer Science Principles

Exercise 3.3 (c)

2.2 Define an undecidable problem. [1]

2.3 State the difference between an undecidable problem and a merely inefficient one. [1]

3 Exam-style questions
3.1 A decidable problem has an algorithm that [1]

A always gives a correct yes-or-no answer
B never finishes
C gives a random answer
D is simply slow

3.2 An undecidable problem [1]

A can always be solved slowly
B has no algorithm that solves every case correctly
C is a syntax error
D is a data type

3.3 A problem has no algorithm that can correctly answer it in all cases.

(a) Name this kind of problem. [1]

(b) State whether this is the same as being slow. [1]

(c) State what it shows about computation. [1]
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D is a data type
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Exercise 3.3 (c)

2.2 Define an undecidable problem. [1]

2.3 State the difference between an undecidable problem and a merely inefficient one. [1]

3 Exam-style questions
3.1 A decidable problem has an algorithm that [1]

A always gives a correct yes-or-no answer
B never finishes
C gives a random answer
D is simply slow

3.2 An undecidable problem [1]

A can always be solved slowly
B has no algorithm that solves every case correctly
C is a syntax error
D is a data type

3.3 A problem has no algorithm that can correctly answer it in all cases.

(a) Name this kind of problem. [1]

(b) State whether this is the same as being slow. [1]

(c) State what it shows about computation. [1]
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A can always be solved slowly
B has no algorithm that solves every case correctly
C is a syntax error
D is a data type
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(a) Name this kind of problem. [1]

(b) State whether this is the same as being slow. [1]
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Solutions
Each answer shows the steps, then the result.

2.1

• a problem with an algorithm that always gives a correct yes-or-no answer

2.2

• a problem for which no algorithm can solve every case correctly

2.3

• an inefficient problem can still be solved (just slowly); an undecidable one cannot be
solved for all cases at all

3.1 A

• always gives a correct yes-or-no answer.

3.2 B

• has no algorithm that solves every case correctly.

3.3

(a)

• an undecidable problem

(b)

• no

(c)

• that there are limits to what computers can do
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